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Abifroct 

InWoHy, on op.S™ol goln w« aslobilshad by n-osvrJn^ arror, ot 5 dlscrat. control 
go.n »r„ng, ,n on .xparln»rtel sat^p eonsIsHnp of o 2^J«.„.,onal, flrst-ordar 
pursuit troeklnp task parfbrrad with on Isotonic fmaerstlek. This optimum 0 oln was 
o « ^ laos. loodlnp by sub,acts , S*s ). b. addition, no slpnlflcont axparlanca 
effec on optimum gain setting wo. found In th. fl«t axparlamnt. During Hm second 

' ‘’'"^ •M-rlencd 

Ouiebl I 90ln suite oecurololy ond 

'«"""• “ ““ •«« 

»«^***^ of both 9 TOOP 9 wore equol. ThU quick ond 

“T* eontrol gain, fer different control 

systems and forcing functions. 

Introduction 



complex high pcrformonce manual control systom., control can be perforn«l 

su icianHy wall only If the mon-machlne I«t«#ace.orede.l8n.d with respect to 

psychologicol and physiological characteristics and limitations of the human 

operate, far optimleing a man-mochina sy«.m, wa have to tahe Into consideration 
two mom aspects ; 
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w*«l ^ f^armanee erltaria, 

•a^toflcs ar. adfusted to be compatible wW, hunJT 

operoter feed to higher control f«^„ ^ ordTl^l^*” ^ 

««*rloln range through Increased operator effers ^ wJHtln 

xr:rcz;:rr“"'”’ — — . 

'^«l»g display gain to be fixed eentrelmil **" *"*^*’' ®*'" «"»wl gain. 

-re rt. -lablo. 

^ol movenmnt, fHr^g,, range^lult In *, ^ 

eontroHed element. Such a central ho. u- '' *" 

'^^•-^ofhl^occurocy,!^'::^^ * 

hiph central gain nmorah%hser«ItIvlty«,Hjfe^^,,,. ^ 

oecurocy. ^ •wwantoge Is reduced 

^ *** »«•»*» cwttrol gala , 

“eeuroey ond a canvanlant valecity af mothn - * *** 

unfeuo rogulramonti an the «yttem. P»"^l«g an tha spaelfic task or 

In eerller experlmeefi where tioeklno ^ mu- 

•' "»• eparat or -ifnpisj 
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regordbss of worklood ir did not soom to bo worthwhlla to put mueh effort into the 
task of optimleinp control gain. 

In previa experiments, not reported here, only with the mere difficult todct were 
gain set optimized. It wos necessary to consider both eb|ectise perfermonce 
meosorementi and subjective rotlngs In determining optimum control goln settings, 
The method seemed to be rother complieoted. Few propceels for control goin settings 
eon be found in literature ; usiiolly only for zero order systems. 

Results of o previous experiment concerned with operotor selection of eltemote 
control gains in o step tracking task, indicoted that the human operotor Is copoble 
of selecting from two different control goins so os to improve his performonoe end 
reduce his worklood. The experiment reported here wos conducted to test the 
copobility of the human operator of optimizing his own goin with o continuously 
adjustable control goin. 

The following (|uestions had to be examined : 

1. Is there on optimal range of oontrol goin for oil SS ? 

2. Ob control goin optimizotlon results obtolned with ebjective error 
meosurements agree with subjective roting results 7 

3» Are the Indlvlduol opthnol gotm oh*oli»ed by repeotsd odjusImeiOs of ooidrol 
goin by the S himself within o narrow ronge (sharp or brood optimum) ? 

4. Is there o relotionshlp between operator er^erlenen and his choice of on 
optimol control goin setting ? 


erimentojSet* 


A two-dimensionci continuous first-order pursuit troeking system wos designed for 
this experiment (see figure T). 

Goussion noise was filtered to .3 Hz ond tl^foA^g funcffon^' jhlsjros 

done fo ovoid the possibility of oporotors learning oftd tin^icipotlitg the fbrorr^ 
functior>, ond perhc^ o'fectlng optimum control goin settings. The used fre<)uency 
is neor . 5 Hz, which HAMMERTON proposes is the moxlmum frequency for un- 
predictoble slgnob thot human operators con follow. The resulting high dlffleulty 
level should olso leod to o narrow range of optIrrMi control gain. 
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Torget ond cursor wore dbployod on o 24 * tv-monllor. Umi lorgot wos dfsployedos 
0 imoll ofrelo, Kio eieser oi g dot. A light eonforlng flngctiHdc with neorly no 
frlctien wos usod for oontrol. Motdmm stloh dcflootion in oil dlto c Ho ns wm 16 



nomt i OmiA KxcOnMM»«r«MiMliiSi 

To invistigofo quostien 2, listed ofaeve, on opporatus (see flgufe 2) wos designed to 
permit control goin to be set either by the enpcrlmefileser by tbe operotor. Settings 
wore first fined by the enpertmenfor to g enetoH perf or moneo curves. In lolor 
proeodum , o 1(Hum potcntimnctor wos usod by the opcwSo f himiolf. 






Control of the exper imonts, data eof lection ond processing wos done by a hybrid 
computer. 

Experimentol Procedure 

The experiment wos performed with fwo groups of S's. The first group consisted of 
10 low rooking enlisted men from o communications botallion* They hod neorly no 
troeking experience. The second group consisted of 5 engineers with extensive 
trocking experience. During o troining time of 15 mlnuteS/ S*s become oquelnted 
with their task ond proctised the $elf«ac^ustment of control goin with the potent lo» 
meter. 

The experiment was divided into two ports : 

1 . Recordings of performonee curves, ehoroeterized by RMS-troeking errors ond 
TOT-meosurernents, were mode In 5 trials of 2 1/2 minutes eoch with different 
control gain settings in o range of I to 10. After eoch triol, lubjeetive dota 
were collected using roting scoles ond questlonoires of operator worklood and 
control i obi I ity of each setting. 

2. During these triols, S's could od|ust their control gain to ony value they wonted 
by turning the potentiometer knob. Met initlol moximum setting by the 
experimentor, S's were oble to select control goin settings during the first 

2 1/2 minutes which were odjusted more finely during the next triol. The some 
experimentol sequence was repeoled with on initiol setting of minimum goin. 

Hxperimentol Results 

q) Control goin > error chorocterlstics 

RMS- Trocking error wos used os the performonee criteria. In figure 3 control goin- 
error curves of both groups ore shown. Although typical u-shaped curves resulted, 
o significant minimum error was seen with the •ine xperienced group. 

The rother big itondord deviations did not from different indivlduol optimum 
goii values os it could be demonstrated with the TUKEY*test of non^oddltlvlty. 

That test showed : There is on optimum ronge of control guin for oil members of this 
group. 
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The results of ihe experfeneed S's were simller. A eontiel gele lenge of minUmm 
error wos demonirrotod os woll, but there is no significQfit difforeneo be t w oon the 
3 middle settings dbe to the higher degree of e x perle ne e. 

In enswer to experimental question 1 those exp e riments showed thot with eh|eetlve 
measures there h almost no difiMrenee in eptlmol gain settings between the two 
groups. 

Subfoetive {ud^menH wore ebloined from S's eher eoeh eentiel getn setting usb^ 
Cooper nting loales end direct comperlsen rotfngi of eoeh setting with p receding 
ones. The Cooper rating seole, ^voloped hsr oxpmfs, wos too finely subdivided 
for our S^s. Therefore ell rotingi were tronsformed to remk orders by wblcb the 
mode of eoch setting wos computed. A eemperison of the modes of lubfeotlve end 
obfeetivo ranks is shown In figure 4. 
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MocUs of ranks for «och C6 -setting 
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obtained with dlteel co«»ofi$on» with re.peet to eootrolloblllty belween 
eoeh tatting ote titailor. The difference between each tatting it ihown In ffguta 5. 



Rm » . MMioMcWllty 

ewMl 90i* Mtttafl 


The preterence of S't for control goin lettlngt II otkI III It pointed cot very clearly. 
Operator 't wcrkicod rotingt dtow timllor retuitt (tee figute 6). 



There .t a tiigid b»t intlgniflcont tbifting of the op»lm«m goin t» lower control 
goint with the tublective rotingt. but the quettion oboot ogreement of cMoctlw 
with tubioeMeo optlmom goin lettingt con bo onsworod poiltivoly. 
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bi flgum 7, rmoim ond itondafd dsvtotfem of ftnol odjuitod eentrel gelm oro to bt 
foofie Thoit ¥OluM om 9 ivon for rtit difforoid Inlflol sotting conditiom ond dog w o i 
of oxporitnoo. 


Subjects 

Initial CG -setting 
^®max 1 ^®min 

mean 

experienced 

0.5310.175 

0.4810.125 

0.505 

unexperienced 

0.6210.254 

0.3810.125 

0.500 


Controry to unos^tenood S*s thoro is no signifleont influonco of initiol goin 
sotting* Loss onporionood S tond to od|uft to the morgim of Hto optimoi ronge of 
tho pofformoneo«optimizod eontroi goin sottingi dotorminod in tho first oxporlmont 
(mo figuro 8)« 

RMS-error AMtioia»-seHingaC6mox 

[cffO . □ inilial CG-s*tting e CGy^jn ' 

I O mean 
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Tha main result of this experiment Is the congruency of the overoll means of self- 
odjusted control goins of both ^oups with the experimentolly determined optimol 
control gain setting. 

The human operator seems to be copoble of optimUIng the control goin of o mon- 
mochine system by means of o simple addltionol monuol device. 

The essential odvontoges of this method ore simplification of the meoiuring system 
and shortening of experimentol time. Only the flnol value of the gain odjustment 
needs to be recorded^ and It tokes only obout 1 minute for eoch od{ustment. Sub* 
{ective questioning moy be omitted. The task con be done by experts/ and the 
result will fit oil persons. 

It should be possible to determine optimol gain settings for various controls/ systems 
and forcing functions by using this method/ to help manufacturers design their 
products ond to help onerotors in performing their tosks. 
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